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40. (Amende^) A catalyst having activity under an irradiation of visible 
light in a wavelength region from about 400 to 600 nm, comprising titanium dioxide having 
Ltable oxygen defects and exhibiting NOx oxidation activity under the irradiation of a visible 
light at least in the wavelength region qf from about 400 to 600 nm. 

41. (Amended) The catalyst according to claim 40, wherein said titanium 
dioxide component comprises titanium dioxide of an anatase type or a rutile type. 

43t (Amended) The catalyst according to claim 40, wherein the titanium 
dioxide has a priirkry particle size of 10 nm or less in diameter. 

43. (Amended) The catalyst according to Claim 40, comprising titanium 
dioxide that is characterized by an V-ray diffraction (XRD) pattern that is substantially free from 
patterns other than those patterns assimed to anatase type titanium dioxide. 

44. (Amended) A catklyst having activity under an irradiation of visible 
light, said catalyst comprising titanium dioxide having stable oxygen defects and a peak area 
ratio (01s/Ti2p) of a peak area obtained by X-ray photoelectron spectroscopy assigned to the Is 
electrons of oxygen (Ols) participating in the bonas with titanium to the peak area obtained by 
X-ray photoelectron spectroscopy assigned to the 2p\electrons of titanium (Ti2p) is 1.99 or 
lower. 

45. \ (Amended) The catalyst according to claim 44, wherein said peak area 
ratio (01s/Ti2p) is in grange of from 1.5 to 1.95. 
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4(\ (Amended) The catalyst according to claim 44, wherein said peak area 
ratio (01s/Ti2p) renmins substantially constant for time durations of 1 week or longer. 

47. (Amended) A catalyst having activity under an irradiation of visible 
light, the catalyst comprising titanium dioxide having stable oxygen defects and yielding a signal 



d the catalyst also yielding a signa\higher in intensity when measured at least under the 
irradiation of light in the wavelength regioirof from 420 to 600 nm at 77K in vacuum. 




(Amended) A catalyst having activity under an irradiation of a visible 
light, characterized in that s^id catalyst is an oxMe^semiconductor having stable oxygen defects 
selected from the group consisting^ef hafiiiu»--€5ade, zirconium oxide, strontium titanate, 
titanium oxide-zirconium oxide based compl^e^ides, and silicon oxide-titanium oxide based 
complex oxides. 



50. (Amended\ A method for producing a catalyst comprising an oxide 
semiconductor having stable oxygemdefects and having activity under an irradiation of a visible 
light, said method comprising treating the oxide semiconductor with hydrogen plasma, 
characterized by performing said treatment^in a state substantially free from an intrusion of air 
into a treatment system. 

51. (Amended) The method tt*r producing a catalyst according to claim 50, 
wherein said treatment is performed in a tightly sealed system and said state substantially free 
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from the intrusion of a^into the treatment system is a state in which the vacuum degree inside 
the tightly sealed system takes at least 10 minutes to make a change of 1 Torr. 



52\ (Amended) The method for producing a catalyst according to claim 50, 
wherein said oxideVsemiconductor is selected from the group consisting of titanium dioxide, 
zirconium oxide, hafnium oxide, strontium titanate, a titanium oxide-zirconium oxide based 
complex oxide, and a siKcon oxide-titanium oxide based complex oxide. 

53. (Amended) \ A method for producing a catalyst comprising an oxide 
semiconductor having stable oxygenWfects and having activity under an irradiation of a visible 
light, said method comprising treatinguhe oxide semiconductor with a plasma of rare gas, and 
performing said treatment in a state substantially free from an intrusion of air into the treatment 
system. 

4. (Amended) The method for producing a catalyst according to claim 53, 
wherein said state substantially free from the intrusion of air into the treatment system is a state 
in which a vacuu\n degree inside a tightly sealed system takes at least 10 minutes to make a 
change of 1 Torr. 

55. ^Amended) The method for producing a catalyst according to claim 53, 
wherein said oxide semiconductor is selected from the group consisting of titanium dioxide, 
zirconium oxide, hafhiuiA oxide, strontium titanate, a titanium oxide-zirconium oxide based 
complex oxide, and a silicomoxide-titanium oxide based complex oxide. 
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56. (Amtmded) A method for producing a catalyst comprising an oxide 
semiconductor having stable oxygen defects and having activity under an irradiation of visible 
light, comprising the step of introducing ions of a rare gas on at least a portion of the surface of 
^the oxide semiconductor by means of)ion implantation. 

17. (Amended) A method for producing a catalyst having stable oxygen 
defects and activity under an irradiation of a visible light, comprising the step of heating an oxide 
semiconductor under vacui 

58.\ (Amendid) / /The method for producing a catalyst according to claim 57, 
wherein said oxide semiconductor is selected from the group consisting of titanium dioxide, 
zirconium oxide, hafnium oxide, strontium titanate, a titanium oxide-zirconium oxide based 
complex oxide, and a\silicon oxide-titanium oxide based complex oxide. 

\59. (Amended) The method for producing a catalyst according to Claim 50, 
wherein said oAide semiconductor is an anatase type titanium dioxide. 



(Amended) A method for producing a catalyst comprising an anatase 
type titanium dioxide hSvlng^table oxygen defects and having activity under an irradiation of a 
visible light, characterized ify heating the anatase type titanium dioxide at a temperature of about 
400° C or higher under a vacuum of about 1 Torr or lower. 

s£2. A catalyst produced by the method of Claim 50 and having activity under the 
irradiation of a visible light. 
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63. ^catalyst produced by the method of Claim 53 and having activity under the 
irradiation of a visible li^t. 

64. A catalyst produced by the method of Claim 57 and having activity under the 
irradiation of a vi\bl^Ji^ht. 






\ \ 

7K (Amended) The catalyst according to claim 40, wherein said catalyst is 
in a substantially granular, thin-film, or sheet shape. 


/ 




y4. (Amended) A method of effecting the photo decomposition of a 
substance, said method comprising decomposing the substance by, under an irradiation of a light 
containing a visiWie radiation, bringing a medium containing the substance to be decomposed 
into contact with 4 catalyst comprising titanium dioxide having stable oxygen defects and 
exhibiting NOx oxidation activity under the irradiation of a visible light at least in the 
wavelength region of from about 400nmJ&600 nm. 

75. (Amended) A method] of effecting the photo decomposition of a 
substance comprising decomposing the substance by, under an irradiation of a light containing a 
visible radiation, bringing a medium containing the substance to be decomposed into contact 
with a catalyst comprising titanium dioxide having stable oxygen defects and the ratio of the 
peak area obtained by X-ray nhotoelectron spectroscopy assigned to the Is electrons of oxygen 
participating in the bonds with titanium to the peak area obtained by X-ray photoelectron 
spectroscopy assigned to the 2p electrons of titanium (01s/Ti2p) is 1.99 or lower. 






80\ (New) A method of effecting the photo decomposition of a substance 
comprising decomposing the\ substance to be decomposed by, under irradiation of a light 
containing a visible VadWory bringing a medium containing the substance to be decomposed 
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into contact with a aatalyst comprising titanium dioxide having stable oxygen defects and yields 
a signal having a g Malue of from 2.003 to 2.004 in the ESR measured in darkness at 77K under 
vacuum, provided that the catalyst yields a signal higher in intensity than the g value of from 
2.003 to 2.004 abova when measured at least under the irradiation of light in the wavelength 
region of from 420 to 600 nm at 77K in vacuum. 

81. (New) A method of effecting the photo decomposition of a substance 
comprising decomposing the substance to be decomposed by, under irradiation of a light 
containing a visible radiation, bringing a medium containing the substance to be decomposed 
into contact with a catalyst comprising an oxide semiconductor having stable oxygen defects and 
said oxide semiconductor is hafnium oxide, zirconium oxide, strontium titanate, a titanium 
oxide-zirconium oxide based complex oxide. 

82. (N4w) The method according to Claim 80, wherein said substance to be 
decomposed is at least! one substaatSe^sblected from the group consisting of inorganic 
compounds, organic compounds, microprganisms, and tumor cells. 

83. (New) The method acco/ding to Claim 81, wherein said substance to be 
decomposed is at least one substancV^fected from the group consisting of inorganic 
compounds, organic compounds, microorganisms, and tumor cells. 

84. (New) IThe method according to Claim 80, wherein said medium is water. 

85. (New) The method according to Claim 80, wherein said medium is air. 

86. (New) The method according to Claim 81, wherein said medium is water. 

87. (New) Tire method according to Claim 81, wherein said medium is air. 
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